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TERNARY NITRIDE-CARBIDE BARRIER LAYERS 

5 

RArKC.ROUNP THF INVENTION 
10 Fi^lH Of Th e Invention 

This invention relates to transition metal nitrides and carb.des that arc useful as 
conductive barrier layers in IC memory cell structures that utilize ferroelectric or high 
permittivity capacitors. In specific aspects, the invention relates to microelectronic 
1 5 dev,ce structures includ.ng such conductive bamer layers, and to a method of forming 



same. 



pe ^Hption of *K F flawed Art 

20 Barrier layers are crucial components in many integrated circuits. Depending on the 
specific application, such barrier layers may be used to prevent diffusion of oxidizing 
species, silicon, metals, hydrogen, etc., and to promote adhesion, typically while 
maintaining either adequate electrical conductance or resistance. 

25 Two important applications include copper for advanced metallization using damascene 
processing, and ferroelectric and high permittivity perovskite oxide films for advanced 

memories. 

Copper has recently come into usage as a practical alternative to aluminum for 
30 metallization, in which copper solutions are applied to a substrate under low voltage 

1 



BNSDOCID: <WO 0013235A1 J_> 



WO 00/13235 



PCT/US99/19676 



conditions to cause deposition of the copper metal, followed by chemical mechanical 
polishing for removal of copper from unwanted areas of the device structure. In such 
application, to prevent reactions between the copper and the silicon substrate, barrier 
layers are employed. 

5 

The perovskite oxides include BaSrTi0 3 (BST) for DRAMs and PbZrTi0 3 (PZT) and 
SrBi,Ta,0 9 (SBT) for FeRAMs. It is well known that these materials require electrodes 
made from noble metals or noble metal alloys such as Pt, Ir, Ir0 2 , Pt-Ru, etc. In many 
memory cell designs, it is desirable to fabricate the capacitors directly over a conductive 
10 plug (typically tungsten or polycrystalline silicon) to contact transistors, in order to 
reduce the area of the memory cell. This geometry (capacitor over plug) is 
conventionally referred to as a stack capacitor configuration. 

For these materials in a stack capacitor configuration, an electrically conductive barrier 
15 layer is needed to prevent oxidation of the plug and to prevent diffusion of the plug 
material through the noble metal bottom electrode. It also may be desirable to use 
fabrication and structural isolation techniques to protect the plug/barrier/electrode 
interfaces from oxidation. 

20 A variety of barrier layer materials and associated fabrication techniques have been 
described in the patent and general technical literature. TiN, TaSiN and TiAIN are 
typical thin film compositions that have been described as useful for the memory 
applications discussed above. The principal advantage of TiN is its familiarity in 
currently utilized manufacturing processes, although several studies have shown it to fail 

25 as an adequate barrier layer for perovskite materials under processing temperatures 
greater than 550°C. 



BNSDOCID: <WO 0O13235A1J > 



PCT/US99/19676 

WO 00/13235 



TaSiN has been identified as a po,cn,,ally useful barrier layer material of fabrication for 
copper damascene applications in both the use of ferroe,ee,r,es and in use of perovskue 
m a,e„al, in ferroelectric appl.ca.ions. when used in a hybrid electrode as a barrier 
, between !rO. and polysilicon ( P -Si). TaSiN (a, a stoichiometric ra.,0 of Ta/Si - .0/3) 
remains conducive after capacitor processing in oxygen to a temperature of 800°C. 

The advantace claimed for TaSiN and other metal-s.l.con nitride (McSi-N) compounds 
,s that the presence of silicon tends to prevent c7s.al.ine ordering ,n the thin film. An 
,0 amorphous TaSiN film has improved resistance to oxidation and diffusion of other 
speccs because of the absence of crystalline grain boundanes, s.nce such gram 
boundaries often facilitate diffusion and subsequent chem.cal reactions. 

Besides TaSiN. other metal silicon nitride thin films have bee. investigated, wherein the 
1S meta, constituent is tungsten, titanium, or rhenium. While these amorphous bamer 
.ayers have excellent properties, other constraints may require tha, alternative 
amorphous barrier layers be utilized. These constraints ine.ude the desirability of good 
S1CP coverage ,n high aspect ratio trenches and vias, and other combinations of metals 
may be more amenable to CVD processes to deposit binary or ternary metal ntmde and 
20 carbtdc alloys. For deposition using reactive sputtering, i, is .bo-known tha. atoms wtth 
higher atomic weigh. aUow improved sidewal. coverage because the trajectory of 
incident a.oms is modified by thetr mass, and alloys with higher atomic weigh, metals 
arc therefore desirable. 

25 The use of Ti,,A!,N ,n barrier layer statures is disclosed in Summerfe,, et al. U.S. 
Paten. 5,504,04! for "Conducive ExoticNitride Barrier Layer for H.gh-Dielectnc- 
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Constant Materials." When deposited via reactive sputtering using a titanium-aluminum 
target, a polycrystalline thin film is produced, with crystalline structure when x < 0.60, 
i.e., with aluminum replacing titanium in the crystalline lattice. The conductivity of 
these thin films is adequate for satisfactory performance as a conductive barrier. For 
5 example, adequate conductance is maintained using Ti 0 60 Al 040 N beneath lOOOA thick 
platinum films when the layers are subjected to oxidizing conditions exceeding 650°C. 

In general, the introduction of aluminum in place of titanium increases the resistance of 
the resulting titanium-aluminum nitride film to macroscopic oxidation. It is believed 
10 that the mechanism for this improvement of oxidation resistance of the TiAIN barrier 
layer under platinum films (while maintaining sufficiently low contact resistance) 
involves localized oxidation of the barrier at platinum grain boundaries, with relatively 
undisturbed contact between the barrier layer and the bulk mass of the platinum grains. 

15 While Ti|.„Al x N films have superior properties compared to those of many other 
candidate barrier layers, the properties of such Ti,. x Al x N films would be improved if they 
could be deposited in an amorphous state, and remain in an amorphous state when 
subjected to temperatures greater than those employed in subsequent processing (e.g., 
ferroelectric processing temperatures on the order of 800°C for formation of strontium 

20 bismuth tantalate (SBT) ferroelectric thin films). Such improvement will likely be 
required to achieve highly robust contacts when high temperature processing is used, 
especially for fabrication of devices with very small feature sizes, i.e. < 0.35um. 



NUMMARY O F THF INVENTION 

4 
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In one aspect, the present invention relates to a microelectronic structure including 
adjacent material layers susceptible of adverse interaction in contact with one another, 
and a barrier layer interposed between said adjacent material layers, wherein said barrier 
layer comprises a binary, ternary or higher order metal nitride-carbide material, whose 
5 metal constituents are different from one another and include at least one metal selected 
from the group consisting of transition metals Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, W, Sc and 
Y. 

Another aspect of the invention relates to a method of making a microelectronic 
10 structure including adjacent material layers susceptible of adverse interaction in contact 
with one another, including a first underlying layer and a second overlying layer, 
comprising forming a barrier layer on the first underlying layer, and forming said second 
overlying layer on the barrier layer, wherein said barrier layer comprises a binary, 
ternary or higher order metal nitride-carbide material, whose metal constituents are 
15 different from one another and include at least one metal selected from the group 
consisting of transition metals Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, W, Sc and Y. 

In such method aspect, the barrier layer may be formed by a process such as: 

20 reactive sputtering using a reactive source of nitrogen and carbon; 
chemical vapor deposition; 
nitridation of a deposited metallic layer; 
carbidalion of a deposited metallic layer; or 
ion implantation of a deposited metallic layer. 

25 
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10 



15 



in a preferred aspect, the barrier layer may be formed from a sputtering target with a 
corresponding metal composition, wherein the relative fractions of N and C in the 
barrier layer are controlled by sputtering conditions. 

As used herein, the term "binary, ternary or higher order metal nitride-carbide material- 
refers to a material containing at least two different metals selected from the metal 
species described hereinabove, as well as nitrogen and carbon. 

The form of such metal nitride-carbide material may be a single compound, wherein the 
various metals are coordinated to carbon and nitrogen atoms. Alternatively, the material 
may comprise a mixture or blend of individual compounds, such as for example a metal 
carbide of a first metal species, in alloy, mixture or other combined form with a metal 
nitride of a second metal species. Such metal nitride-carbide material may be 
substantially oxygen-free in composition. 

Other aspects, features and embodiments of the invention will be more fully apparent 
from the ensuing disclosure and appended claims. 



20 



Figure 1 is a schematic representation of a microelectronic structure comprising a bamer 
layer, in accordance with an embodiment of the present invention. 

25 Figure 2 is a schematic representation of an integrated circuit memory cell structure, 
utilizing a conductive barrier layer in accordance with one aspect of the invention, and 
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compri8i „ g a suck capacitor which is plug-connected to the dram of a MOSFET 
structure, whcrcn the device utilizes an SBT fe.roelec.ric capacitor layer. 



n,e disclosure- of ,hc following Uni.cd States Patent Applications and United States 
Patent are iwdn incorporated herein by reference in their entities: U.S. Paten, 
,0 Application No OS ,75.366 filed November 20, .997 in the names of Peter C. Van 
Buskitl c. a. for "Chemical Mechanical Polishing of FeRAM Capacitors;" U.S. Patent 
Application No .« 974.779 filed November 20. ,997 in the name of Peter S. Kirl.n for 
••Method of Fabricating a Ferroelectric Capacitor With a Graded Barrier Layer;" U.S. 
, -„ <;„ issued June 23. .998 m the names of Joe W. Zhao, e, al. for "Method 
, , of M*,n g a .tame, Uyer for V,a o, Contact Opening of Integrated Circuit Structure;" 
European Patent Application No. 97305657.5 filed July 28, 1997 in the names of V. 
FuUda «. a. f., "A capacitor and method of manufacture thereof;" U.S. Patents 
5 and V*>.0.8 issued September 9, .997 and December 9, 1997 in the name 

of Scot, K Summcrfcl. for "Method of Forming Conductive Amorphous-Nitridc Bamer 
20 Layer fo. HichDiCcctric Constant Materia, Bectrodcs" and "Method of Forming 
Conduce Noble MclaMnsulator-A.loy Bamer Layer for High Dielectric Consunt 
Material l.lccmxicv" respectively. 

TV,e present invention relates to the use of binary, iemary and higher order transition 
25 metal n.tndcs and carbides for use as conductive barrier layers in integrated crcut. 
mcmorv eel, structures including ferroelectric or high permittivity capacitors. 
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Capacitors of those types are used for non-volatile memories or for dynamic random 
access memories (DRAMs), respectively. 

In such capacitor device structures, the barrier layer acts to prevent interdiffusion 
5 between the plug and the bottom electrode (BE) layer. 

The plug is typically formed of tungsten (W) or polysilicon (p-Si), and the bottom 
electrode layer is typically formed of noble metals, such as Ir, Pt, Pd, Rh, Os, etc., or 
conductive oxides of those metals, such as RhO x , lrO x or OsO„ or mixtures of noble 
1 0 metals and their conductive oxides, and may optionally include dopant species. 

Barrier layers formed in accordance with the present invention may be usefully 
employed in high-density metallization schemes that use damascene patterning of 
copper, in order to prevent diffusion of copper into Si or *0 2 regions of the device 
15 structure. 

A key aspect of the invention relates to barrier layers formed with compounds having 
extremely high melting points, and a very strong tendency to remain amorphous 
subsequent to deposition, due to the very low mobility of the material at processing 
20 temperatures. Thin films that contain a sufficient fraction of such high melting point 
compounds will also be amorphous because the extremely low mobility of those species 
will inhibit mobility of other species. TaC, for example, has the highest melting point 
known, (see Table 1, below), and its resistivity makes it a desirable choice for 
incorporation in barrier layers of these types. TaC is most preferably used in barrier 
25 layers that contain Ta or TaN. 
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Table 1 below sets out melting point, bulk resistivity at room temperature, and thin film 
resistivity, of some illustrative transition metal nitrides and carbides. Ranges for p are 
attributed to stoichiometric differences of the material. 



Ta ble 



10 





Mf*lrinf> Point (°C) 


Bulk o (uTn Room Temp. 


Thin Film p(faQ-cm) 


TaC 


rviciiiiiv; i uiin v ^-v 

19S1 


25-42 




HPC 


3928 


37-45 






1420 


42-50 




ZrC 
HfN 


11*7 


33 


~ 200-700 


TaN 


1091 


128 


< 250 (AMAT adv.) 




1067 


68-188 




TiC 


2982 


37 




ZrN 


2949 


25-54 


^ 45 sputtering 
> 100 (CVD) 


TiN 
WC 


2776 


22 





in ,he broad prac.icc of .he present invention, the barrier layer resistivity may readily be 
optimized for a specific deposition system, by the simple expedient of varying the 
process conditions (temperature, pressure, flow rate and stoichiometric compositions), 
and empirically determining the resulting resistivity. 

The barrier layer Alms of the present invention possess a high activation energy 
characteristic that minimizes elec.romigration failure. Such barrier layer films may use 



9 
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higher atomic weight elements where appropriate to increase sidewall coverage in 
sputtering processes to form the barrier. 

The resistivity of the barrier layer in the broad practice of the invention may be 
5 selectively varied by use or addition of specific metal carbides such as TaC or HfC. 

In a broad aspect, the invention relates to a microelectronic structure including adjacent 
material layers susceptible of adverse interaction in contact with one another, and a 
barrier layer interposed between said adjacent material layers, wherein said barrier layer 
10 comprises a binary, ternary or higher order metal nitride-carbide material, whose metal 
constituents are different from one another and include at least one metal selected from 
the group consisting of transition metals Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, W, Sc and Y. 

In such microelectronic structure, the metal nitride-carbide material may further include 
1 5 silicon and or aluminum. 

The microelectronic structure may be a memory cell integrated circuit structure, e.g., 
composing i capacitor overlying a plug layer, with the capacitor including top electrode, 
capaemve material layer and bottom electrode layers, wherein the plug layer and the 
20 bottom electrode layer of the capacitor constitute the adjacent material layers susceptible 
of adverse interaction in contact with one another. 

In a specific embodiment, the memory cell integrated circuit structure may be a non- 
volatile memory cell integrated circuit structure, and the capacitive material layer may 
25 be formed of a ferroelectric material. 

10 
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,„ another embodiment, the memory cel. integrand ctrcui. sttudure may inc.ude a 
dynamic random access memo^ celi in.egrated circuit s,ruc«ure, and .he capactuve 
material layer may be formed of a h,gh permittivity material. 

5 Suitable high-die.ec.ric-cons.an, materials .ha, may be usefuUy employed in capac.ive 
Uyers of DRAM capaci.ors in ,he pract.cc of ,hc presen, inven,ion inc.ude ma.enals 
such as barium s,ron.,um .i.ana,e, .ead zirconatc .i.ana.e, lead lamhanum ,,.ana.e, lead 
,an,ha„um zircona.e ...ana.e, btsmu.h .i.anat=, po.assiu m «an.a,a.e, ,ead scandtum 
,an,a.a.e, lead nioba.e, lead zinc niobate, potassium niobate, lead magnesium ntobate, or 

10 combinations thereof. 

The invenuon .hus contemplates a microelectronic structure that may inc.ude a capaci.or 
s ,ruc.ure such as a s.ack capaci.or or a trench capacitor. 



< <„ another embodiment, .he mtcroeleCronic struck of the invention may be 
constituted by a devtce snucure including a meuM.iza.ion .ayer and a subs,ra,e or 
d,e,ectnc, which are pro.ec,ed from contact and deletenous interaction with one ano.her 
by a barrier .ayer accordtng .0 .he inven.ton. In such embodtment, the me.a..iza.,on 
,ayer may inc.ude copper mention, and .he substrate or die.ec.ric may include St or 

20 Si0 2 , respectively. 

,„ a specific embodiment, the m.croe.ecronic s.rucnrrc of*, inven.ion may comprise a 
.rcnch capaci.or s.ruc.ure inc.ud.ng a caoac.or e.ec.rode formed of a me., such as 
p,a.inum or iridium, -n which the bamer layer comprises a binary, .emary or htgher 
„ order me.a> ni.ride-carbide ma.eria. that inc.udes a met*, such as Hf, Ta and/or W. 



11 
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In some applications it is critical to minimize barrier layer resistivity, such as in Cu 
barrier layers which will take up a significant fraction of the cross-section of the 
conductor in ULSI metallization schemes. TaN is known to be useful for this 
application. To minimize the loss in conductivity, the addition of TaC, to provide a 

5 metal nitride-carbide composition in accordance with the invention, will decrease 
resistivity and result in an amorphous or nanocrystalline microstructure, which will 
improve barrier properties and facilitate reduced barrier thickness. For example, the 
nitride-carbide barrier material may comprise a mixture of TaN and TaC in sufficient 
proportions relative to each other to produce such amorphous or nanocrystalline 

10 structure, preferably providing a material having a resistivity that is less than that of TaN 
(i.e., < 240 ^Q-cm.)* 

In general, the source materials used to form the barrier layer should not contain oxygen, 
and the formation of the barrier layer should be carried out ii\the absence of oxygen, to 

15 avoid forming undesirable oxides that increase the resisitivity of the barrier layer (cf. the 
contrary teachings of Summerfelt U.S. Patent 5,696,018 concerning the desirability of O 
in TiN barrier layers; these Summerfelt teachings suggest away from the present 
invention). Accordingly, the barrier layer of the invention preferably is substantially 
free of oxygen, i.e., substantially oxide-free. Any O present is desirably less than 5 

20 atomic %, preferably less than 3 atomic % and most preferably less than 1 atomic % of 
the barrier material. 

The addition of HfC or TaC to metal nitrides (TiN) or mixed metal nitrides (e.g. TiAIN) 
will tend to reduce grain size and under appropriate conditions and proportions of 
25 carbide to nitride results in amorphous films, which will improve barrier properties and 
allow reduced barrier thickness. One example is Ti m Ta n Al,. m . n N x C y , which may be 

12 
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formed from a sputtenng target with a corresponding metal composition, in a reactive 
process where the relative fractions of N and C arc controlled by the sputtering 
conditions. Appropriate conditions for such process may be readily empirically 
determined by the skilled artisan, without undue experimentation. 

5 

As intentional constituents of the barrier layer material (cf. the impurity species C and O 
in the barrier layer material of Summerfelt U.S. Patent 5,696,018), the sum of carbon 
and nitrogen in the barrier layer material in the practice of the present invention will 
typically be greater than 5 atomic % of the barrier layer material, and in some 
1 0 applications of the invention, the sum of carbon and nitrogen in the barrier layer material 
will be preferably at least 35 atomic %, and more preferably at least 50 atomic % or 
even higher, with the balance of the barrier material layer being comprised of the 
required cations. 

15 Barrier layers according to the present invention may be made by reactive sputtering 
using N 2 , CH 4 (or other reactive sources of N and C), CVD, or by nitridation, carbidation 
or ion implantation of preexisting metallic layers. 

As an example of the fabrication of a ferroelectric capacitor structure in accordance with 
20 the invention, a semiconductor substrate may be provided that has a plug formed of 
suitable material, e.g., tungsten, in a via, providing contact with an underlying integrated 
circuit structure (e.g., to a gate contact of a MOS device) or to an underlying metal 

interconnect or wiring level. 

25 A conductive barrier layer in accordance with the invention may be deposited over the 
plug to prevent diffusion of the plug material and deletenous interaction between the 
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plug material and the overlying electrode of the memory cell capacitor, formed as 
described below. The barrier layer may for example be formed of T^Ta^Al^.J^Cy, by 
reactive sputtering from a corresponding TiTaAl target, using N 2 , CH 4 as the respective 
nitrogen and carbon source materials. 

5 

A conductive layer of material is then deposited on the barrier layer, e.g., a metal such 
as platinum, iridium, rhodium, or other noble metal compositions. The metallic 
conductor may be suitably deposited by a chemical vapor deposition (CVD) process, 
using well-known apparatus and processing parameters. 

10 

After the layer of conductive material is deposited on the substrate, the conductive 
material is formed into a desired shape of a capacitor plate by conventional techniques 
well-known in the art, for the purpose of fabricating the storage capacitor of an 
integrated circuit memory device. A photoresist is suitably deposited over the layer of 
1 5 conductive material, and the photoresist is patterned. The layer of conductive material 
then is etched away, by a suitable conventional etch technique, except for the shape of 
the capacitor plate. This capacitor plate thus forms the first, or bottom, plate of the 
storage capacitor being fabricated. 

20 Next, a layer of insulative material is deposited over the first capacitor plate and any 
exposed surfaces of the substrate. The insulative material is a high dielectric material 
with ferroelectric characteristics, such as lead zirconium titanate (PbZrTi0 3 ) or 
strontium bismuth tantalum oxide (SrBi 2 Ta 2 0 9 ). These ferroelectric materials can be 
deposited by a chemical vapor deposition process using known apparatus and processing 

25 parameters. After the insulative layer is deposited, it is shaped to conform to the desired 
capacitor dielectric shape. 
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The shaping of the ferroelectric material into a capacitor dielectric layer may be 
accomplished by depositing a photoresist material over the layer of ferroelectric 
material, patterning the photoresist, and etching away undesired ferroelectric material. 
5 Such etching may be readily accomplished by use of a conventional dry etch process. 

Another layer of conductive material, e.g., a metal such as aluminum, tungsten, 
platinum, iridium, rhodium, etc., then is deposited over the capacitor dielectric. For ease 
of fabrication, the choice of metal for this layer may be the same material as the metal 
10 selected for use in the first capacitor plate (bottom electrode). The selected metal can be 
deposited by chemical vapor deposition (CVD) using known apparatus and processing 
parameters. 

After the top electrode conductive layer is deposited, it is shaped into a second capacitor 
15 plate. Such shaping may be carried out by depositing a photoresist material over the 
conductive layer, patterning the photoresist, and etching away undesired portions of the 
conductive layer. The etch removal of undesired portions of the conductive layer may 
be effected with any suitable conventional etching process having utility for such 
purpose, to provide a second capacitor plate on top of the capacitor dielectric layer. 

20 

The barrier layer of the invention may be formed in any suitable manner and at any 
suitable process conditions yielding a material layer of the desired barrier characteristics, 
electrical properties, etc. Such formation may be carried out by sputtering, chemical 
vapor deposition, ion implantation of a previously formed metal layer, carbidation of a 
25 previously formed metal layer, nitridation of a previously formed metal layer, plasma- 
assisted deposition, solution deposition, physical vapor deposition, or any other suitable 
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methodology. Deposition techniques that may be adapted to the formation of the barrier 
layer of the present invention include those described in U.S. Patent No. 5,770,520, the 
disclosure of which is hereby incorporated by reference in its entirety. 

5 In general, the barrier layer will be formed at a suitable thickness having appropriate 
resisitivity characteristics, e.g., not exceeding about 5000 ohms/square and most 
preferably not exceeding about 1000 ohms/square. In most applications, the thickness 
of the barrier layer will be less than 5000 Angstroms, preferably less than 1000 
Angstroms, and most preferably less than about 500 Angstroms, however, the specific 
10 thickness of the barrier layer may be widely varied, depending on the specific 
microelectronic structure, the compositional characteristics of the barrier layer material, 
and the barrier layer properties desired. 

Referring now to the drawings, Figure 1 is a schematic representation of a 
15 microelectronic structure 10 comprising a barrier layer 12, in accordance with an 
embodiment of the present invention. As illustrated, the barrier layer 12 is disposed 
between the underlying layer 14, which may for example comprise a substrate or 
dielectric material, and an overlying layer 16, which may for example comprise a metal 
layer that is susceptible to deleterious interaction with the underlying layer in contact 
20 therewith. 

For example, the barrier layer 12 may be employed in high-density metallization 
structure that uses damascene patterning of copper in the layer 16, in order to prevent 
diffusion of copper into layer 14 comprising Si or Si0 2 regions of the device structure. 

25 
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Alternatively, the structure 10 may be a relevant portion of a trench capacitor memory 
cell structure, or a stack capacitor memory cell structure, or some other microelectronic 
structure in which it is desired to isolate respective layers from diffusive interaction or 
other deleterious result. 

5 

The barrier layer of the invention may also be employed for barrier purposes in a device 
structure in which one of the adjacent layers is an organic insulating layer including 
fluorine therein, and wherein the barrier layer serves to contain such organic insulating 
layer, against fluorine migration. As another example, the barrier layer of the invention 
10 may be used in a structure in which one of the adjacent layers is an insulating material 
layer with copper in such layer. 

Figure 2 is a schematic representation of an integrated circuit memory cell structure 
utilizing a conductive barrier layer 35 in accordance with oi*e aspect of the invention, 
15 comprising a stack capacitor 30 which is plug-connected to the drain of a MOSFET 
structure, wherein the device structure includes a ferroelectric capacitor layer 36, e.g., 
formed of SBT. 

The capacitor 30 comprises a top electrode 32, and bottom electrode 34 on which is 
20 disposed the thin film ferroelectric material layer 36, as shown. The bottom electrode 34 
is connected by plug 38 to the drain 40 of the transistor, with the bottom electrode layer 
being isolated from the plug by barrier layer 35. The plug may be made of any suitable 
material, as for example from polysilicon or tungsten. The transistor comprises gate 42 
and a source 44. 

25 
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As shown, the conductive barrier layer 35 is formed so that it resides between the plug 
38 and the bottom electrode 34. The barrier layer 35 may for example comprise a 
titanium-aluminum-nitridc-carbide, wherein the atomic ratio of titanium to aluminum is 
on the order of 1.5, and wherein the barrier layer material is in an amorphous state. 



While the invention has been described herein with reference to illustrative features, 
aspects and embodiments, it will be appreciated that the utility of the invention is not 
thus limited, but rather extends to and encompasses numerous other variations, 
modifications and other embodiments, as will readily suggest themselves to those skilled 
10 in the art based on the disclosure herein. The claims hereinafter set forth are therefore 
intended to be broadly construed and interpreted, to comprehend all such other 
variations, modifications and other embodiments, as being within the spirit and scope of 
the invention. 
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Industrial Applicability 

Barrier layers arc used in 1C processing to prevent diffusion and/or promote adhesion 
between adiacent layers while maintaining adequate electrical conductance or resistance. 
The present mxeniion provides for the use of conductive binary, ternary, or higher order 
nitride-carbide harriers in cither stack or trench capacitors that incorporate ferroelectric 
and high pcrmitm ti\ dielectrics. The invention preferentially utilizes high atomic 
weight, hiph mdtmg-point components, such as HfC or TaC, for example. Thin films 
that contain a suf ficient fraction of high melting point compounds will be amorphous or 
very' small grained because of the low mobility of those species will inhibit mobility of 
other specie According to the present invention, barrier layer materials comprised of 
this clavs ol materials may be advantageously applied to achieve layers with low 
electrical rcMsm tts and high elcctromigration resistance. Such barrier layer films may 
additional l> use high atomic weight constituents where appropriate to increase sidewall 
coverage in sputtering processes to form the barrier. 



19 



WO 00/13235 



PCT/US99/19676 



THE CLAIMS 

What is claimed is: 

5 1. A microelectronic structure including adjacent material layers susceptible of 
adverse interaction in contact with one another, and a barrier layer interposed between 
said adjacent material layers, wherein said barrier layer comprises a binary, ternary or 
higher order metal nitride-carbide material, whose metal constituents arc different from 
one another and include at least one metal selected from the group consisting of 
1 0 transition metals Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, W, Sc and Y. 

2. A microelectronic structure according to claim 1, wherein said metal nitride- 
carbide material further comprises at least one element selected from the group 
consisting of silicon and aluminum. 

15 

3. A microelectronic structure according to claim 1, wherein said metal nitride- 
carbide material is substantially oxygen-free. 

4. A microelectronic structure according to claim 1, wherein said metal nitride- 
20 carbide material contains C and N in sufficient amounts so that the sum of C and N is 

greater than 5 atomic % of the barrier layer material. 

5. A microelectronic structure according to claim 1, wherein said metal nitride- 
carbide material contains C and N in sufficient amounts so that the sum of C and N is 

25 greater than 35 atomic % of the barrier layer material. 

20 
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6. A microelectronic structure according to claim 1, wherein said metal nitride- 
carbide material contains C and N in sufficient amounts so that the sum of C and N is 
greater than 50 atomic % of the barrier material. 

5 7. A microelectronic structure according to claim 1, wherein said metal nitride- 
carbide material contains less than 5 atomic % O. 

8. A microelectronic structure according to claim 1, wherein said metal nitride- 
carbide material contains less than 3 atomic % CX 

10 

9. A microelectronic structure according to claim 1, wherein said metal nitride- 
carbide material contains less than 1 atomic % O. 

10. A microelectronic structure according to claim 1, wherein said metal nitride- 
15 carbide material includes at least one metal selected from the group consisting of V, Cr 

and Nb. 

11. A microelectronic structure according to claim 1, wherein said metal nitride- 
carbide material has a resistivity that is less than 240 |iQ*cm. 

20 

12. A microelectronic structure according to claim 1, comprising a memory cell 
integrated circuit structure. 

13. A microelectronic structure according to claim 12, wherein the memory cell 
25 integrated circuit structure comprises a capacitor overlying a plug layer, the capacitor 

including top electrode, capacitive material layer and bottom electrode layer, wherein 

21 
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the adjacent material layers susceptible of adverse interaction in contact with one 
another comprise the plug layer and the bottom electrode layer of the capacitor. 

14. A microelectronic structure according to claim 13, wherein the memory cell 
5 integrated circuit structure comprises a non-volatile memory cell integrated circuit 

structure, and the capacitive material layer is formed of a ferroelectric material. 

15. A microelectronic structure according to claim 13, wherein the memory cell 
integrated circuit structure comprises a dynamic random access memory cell integrated 

10 circuit structure, and the capacitive material layer is formed of a high permittivity 
material 

16. A microelectronic structure according to claim 1, comprising a capacitor 
structure selected from the group consisting of stack capacitors and trench capacitors. 



17. A microelectronic structure according to claim 1, wherein the adjacent material 
layers susceptible of adverse interaction in contact with one another, comprise a copper 
metallization layer, and a silicon-containing layer selected from the group consisting of 
Si and SiO,. 



18. A microelectronic structure according to claim 1, wherein the adjacent material 
layers susceptible of adverse interaction in contact with one another, comprise an 
organic insulating layer containing fluorine therein. 



15 
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19. A microelectronic structure according to claim 1, wherein said barrier layer 
comprises a binary, ternary or higher order metal nitride-carbide material that includes 
silicon. 

5 20. A microelectronic structure according to claim 1, wherein said barrier layer 
comprises a binary, ternary or higher order metal nitride-carbide material that includes 
aluminum. 

21. A microelectronic structure according to claim 1, wherein said barrier layer 
10 comprises a binary, ternary or higher order metal nitride-carbide material that includes a 

metal selected from the group consisting of Hf, Ta and W. 

22. A microelectronic structure according to claim 1, comprising a trench capacitor 
structure including a capacitor electrode formed of a metal selected from the group 

1 5 consisting of platinum and iridium, wherein said barrier layer comprises a binary, 
ternary or higher order metal nitride-carbide material that includes a metal selected from 
the group consisting of Hf, Ta and W. 

23. A microelectronic structure according to claim 1, wherein said barrier layer 
20 comprises a binary, ternary or higher order metal nitride-carbide material that includes a 

mixture of TaN and TaC, in sufficient proportions relative to each other to produce a 
microstructurc that is amorphous or nanocrystalline. 

24. A microelectronic structure according to claim 1, wherein the adjacent material 
25 layers susceptible of adverse interaction in contact with one another, comprise an 

insulating layer containing copper. 

23 
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25. A microelectronic structure according to claim 23, wherein the metal nitride- 
carbide material has a resistivity of less than 240 fj-Q-cm. 

5 26. A microelectronic structure according to claim 1, comprising a ULSI 
microelectronic structure including copper metallization. 

27. A microelectronic structure according to claim 1, wherein said barrier layer 
comprises a binary, ternary or higher order metal nitride-carbide material that includes a 
10 nitride compound selected from the group consisting of TiN and TiAIN, and a carbide 
compound selected from the group consisting of Hft and TaC, in sufficient proportions 
relative to one another to constitute the barrier layer as an amorphous material layer. 



28. A microelectronic structure according to claim 1, wherein the metal nitride- 
15 carbide material has the formula Ti m Ta n Al,. m . n N x C y , wherein each of x, y, m and n < 1, 

subject to the provisos that m + n < 1 , and x + y = 1 . 

29. A microelectronic structure according to claim 1, wherein the metal nitride- 
carbide material is substantially oxide-free, and the sum of C and N in the metal nitride- 

20 carbide material is greater than 5 atomic % of the barrier layer material. 

30. A microelectronic structure according to claim 1, wherein the metal nitride- 
carbide material includes tantalum carbide. 

25 31. A microelectronic structure according to claim 1, wherein said barrier layer 
comprises a binary, ternary or higher order metal nitride-carbide material that includes a 

24 
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metal carbide in a sufficient amount so that the barrier layer has an amorphous or 
nanocrystalline microstructure. 

32. A method of making a microelectronic structure including adjacent material 
5 layers susceptible of adverse interaction in contact with one another, including a first 

underlying layer and a second overlying layer, comprising forming a barrier layer on the 
first underlying layer, and forming said second overlying layer on the barrier layer, 
wherein said barrier layer comprises a binary, ternary or higher order metal nitride- 
carbide material whose metal constituents are different from one another and include at 
10 least one metal selected from the group consisting of transition metals Ti, V, Cr, Zr, Nb, 
Mo, Hf, Ta, W, Sc and Y. 

33. A method according to claim 32, wherein the barrier layer is formed from a 
sputtering target with a corresponding metal composition. 

15 

34. A method according to claim 33, wherein the relative fractions of N and C in the 
barrier layer arc controlled by sputtering conditions. 

35. A method according to claim 32, wherein the barrier layer is formed by a process 
20 selected from the group consisting of: 

reactive sputtering using a reactive source of nitrogen and carbon; 
chemical vapor deposition; 
nitridation of a deposited metallic layer; 
25 carbidation of a deposited metallic layer; and 
ion implantation of a deposited metallic layer. 

25 
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36. A method according to claim 35, wherein the barrier layer is formed by reactive 
sputtering using N 2 as a nitrogen source and CH 4 as a carbon source. 

5 37. A method according to claim 32, wherein said metal nitride-carbide material 
further comprises at least one element selected from the group consisting of silicon and 



38. A method according to claim 32, wherein the microelectronic structure 
10 comprises a memory cell integrated circuit structure. 

39. A method according to claim 38, wherein the memory cell integrated circuit 
structure comprises a capacitor overlying a plug layer, the capacitor including top 
electrode, capacitive material layer and bottom electrode layer, wherein the adjacent 

1 5 material layers susceptible of adverse interaction in contact with one another comprise 
the plug layer and the bottom electrode layer of the capacitor. 

40. A method according to claim 39, wherein the memory cell integrated circuit 
structure comprises a non-volatile memory cell integrated circuit structure, and the 

20 capacitive material layer is formed of a ferroelectric material. 

41. A method according to claim 39, wherein the memory cell integrated circuit 
structure comprises a dynamic random access memory cell integrated circuit structure, 
and the capacitive material layer is formed of a high permittivity material. 



aluminum. 
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42. A method according to claim 32, wherein the microelectronic structure 
comprises a capacitor structure selected from the group consisting of stack capacitors 
and trench capacitors. 

5 43. A method according to claim 32, wherein the adjacent material layers susceptible 
of adverse interaction in contact with one another, comprise a copper metallization layer, 
and a silicon-containing layer selected from the group consisting of Si and Si0 2 . 

44. A method according to claim 32, wherein said barrier layer comprises a binary, 
10 ternary or higher order metal nitride-carbide material that includes silicon. 

45. A method according to claim 32, wherein said barrier layer comprises a binary, 
ternary or higher order metal nitride-carbide material that includes aluminum. 

15 46. A method according to claim 32, wherein said barrier layer comprises a binary, 
ternary or higher order metal nitride-carbide material that includes a metal selected from 
the group consisting of Hf, Ta and W. 

47. A method according to claim 32, wherein the microelectronic structure 
20 comprises a trench capacitor structure including a capacitor electrode formed of a metal 
selected from the group consisting of platinum and iridium, wherein said barrier layer 
comprises a binary, ternary or higher order metal nitride-carbide material that includes a 
metal selected from the group consisting of Hf, Ta and W. 

25 48. A method according to claim 32, wherein said barrier layer comprises a binary, 
ternary or higher order metal nitride-carbide material that includes a mixture of TaN and 

27 
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10 



15 



20 



TaC, in sufficient proportions relative to each other to produce a microstructure that is 
amorphous or nanocrystalline. 

49. A method according to claim 48, comprising a ULSI microelectronic structure 
including copper metallization. 

50. A method according to claim 32, wherein said barrier layer comprises a binary, 
ternary or higher order metal nitride-carbide material that includes a nitride compound 
selected from the group consisting of TiN and TiAIN, and a carbide compound selected 
from the group consisting of HfC and TaC, in sufficient proportions relative to one 
another to constitute the barrier layer as an amorphous material layer. 

51. A method according to claim 32, wherein the metal nitride-carbide material has 
the formula Ti m Ta n Al,. (n . n N x C y , wherein each of x, y, m and n < 1, subject to the provisos 
that m + n < 1 , and x + y = 1 . 

52. A method according to claim 32, wherein the metal nitride-carbide material is 
substantially oxide-free. 

53. A method according to claim 32, wherein the metal nitride-carbide material 
includes tantalum carbide. 

54. A method according to claim 32, wherein said barrier layer comprises a binary, 
ternary or higher order metal nitride-carbide material that includes a metal carbide in a 
sufficient amount so that the barrier layer has an amorphous or nanocrystalline 
microstructure. 
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